A material and process development for tri-level resist process is carried out in terms of both lithography and RIE processes. The goal is to introduce the tri-level resist process into 0.13um DRAM fabrication. The film stack of the tri-level resist process consists of thermally cross-linked novolak resin (I-line photo resist) as a bottom layer (500-900nm thickness), spin-on-glass (SOG) as a middle layer (70-90nm thickness) and an environmentally stable chemical amplified positive (ESCAP) type KrF photo resist as a top layer (200-300nm thickness). The lithographic process window for 130nm LIS structure using the KrF photo resist is determined to be 0.6um depth of focus (DOF) and 16% exposure latitude, under the exposure condition of 0.68 NA, 0.75 sigma and 213 annular illumination. The resist pattern of the top layer is transferred to the middle layer and the bottom layer using conventional RIE techniques. A WSi gate structure (nested and isolated lines) capped with SiN film in 0.13um DRAM is formed using the tri-level resist processing.
Introduction
As the design rules of semiconductor devices get smaller, resist pattern fallover is becoming a serious issue in lithography. As shown in Figure 1 , the lithographic process window at 0.13um design rules is limited by the pattern fallover, which is likely due to the high aspect ratio of the resist pattern. In order to reduce the resist thickness without influencing the dry etching performance, various pattern transfer techniques such as Si containing resist [11, top surface imaging process, and a-Si hard mask and tri-level resist process [2] has been proposed. Among those, the tri-level resist process may be the most promising from the viewpoint of both process performance and cost of ownership (C00). First, the tri-level resist process does not require any Si component in the top layer. An excess amount of Si component in the resist material is known to impact on the lithographic performance to some extent. Second, the film stack of the tri-level resist process is formed using conventional resist processing techniques such as spin coat and bake which help keep the C00 of the resist process relatively low.
In this study, we performed the material and process development for the to-level resist process with the aim of introducing the process into 0.13um DRAM fabrication.
2. Experiment 2.1. Materials Two ESCAP type KrF photo resists (resist A and resist B) used as the top layer were prepared specially for this study. Several SOG materials with different properties, e.g., surface wettability, Si content, were also experimentally synthesized.
A commercially available i-line photoresist (JSR IX370G) was used for the bottom layer.
As an organic Bottom Anti Reflective Coat (BARC), AR3 (Shipley Far East Ltd.) were used.
Lithography
A Clean track Act 8 (Tokyo Electron Limited) equipped with environmental filtration system was used for resist apply, bake and develop. The track has three resist apply modules so that the to-level film stack was formed in the same track; that is, no stand-alone processing was used. A 0.68NA NSR-5203B (Nikon Corp.) KrF excimer laser scanner was used for the DUV exposure.
The IX370G was spin-coated onto substrates and two-step-baked (60sec at 180°C and 60sec at 300 °C ) to form the bottom layer with the thickness between 500nm and 900nm. The SOG film also coated over the bottom layer was two-step-baked (60sec at 200 °C and 60sec at 300°C) resulting in the thickness between 70nm and 90nm. The KrF resists were spin-coated over the SOG film and baked for 60sec at 130°C. The resist thickness was fixed at 300nm. The DUV exposure was done using a 6% halftone mask. The illumination conditions were 0.68 NA, 0.75 sigma and 2/3 annular illumination.
The post-exposure bake (PEB) was 90sec at 130 °C . A 30sec single paddle with 2.38wt% tetramethylammoniumhydroxide (THAH) solution was used to develop the resist.
Dry etching
SiN film was etched with using CEJO2/Ar chemistry. Novolak layer RIE chemistry is N2 and 02.
SOG layer RIE chemistry is CHF3ICO/02/Ar. The surface wettability of SOG and organic BARC films were characterized by measuring contact angle of DI water with a CAS-150 (Kyowa Interface Science Co., LTD). The particle in SOG ware counted by RION co., ltd. laser liquid borne particle counter KL-20A. The adsorbed ammonia in the SOG3 film was extracted with DI water and quantified as NH4+ with DX-AQ ion chromatograph (Dionex Corporation). pattern during the resist develop. While in SOG 2, the surface wettability was reduced (contact angle=54degree) to improve the adhesion at resistlSOG interface. However, the resist pattern exhibits a severe footing profile (Figure 2b ), which is due to an interaction between the resist and SOG. The film density of SOG is relatively low. Therefore, it is reasonable to assume a certain amount of photo generated acid in the resist is extracted into the SOG film, which resulted in the lack of the photo acid at the resist/SOG interface. In order to improve the footing profile, surface acidity was modified in SOG 3 keeping the wettability same as the SOG 2.
A vertical resist profile with no footing was obtained over the SOG 3 (Figure 2c ), which is equivalent to that over the organic BARC ( Figure  2d ). Table 1 tabulates the optical constants (n and k values) at 248nm wavelength for the hard-baked IX370G (bottom layer), SOG 3 (middle layer) and resist B (top layer). Figure 5 shows the lithographic process window (E-D plot) for 130nm L/S pattern formed with the tri-level film structure (300nm resist B / 80nm SOG 3 / 500nm 1X3700). The process window was calculated with the setting of ± 10% CD tolerance. A 0.6um depth of focus (DOF) is obtained at 10% exposure latitude (EL). Also no pattern fallover was observed inside of the process window. Figure 6 shows the cross-sectional images of the resist B (130nm L/S) at several focus settings. The resist pattern is resolved in the defocus region from -0.4um to +0.4um. I. Photopolym. Sci. Technol., Vo1.14, No.3, 2001 3.4. SOG stability and process control Figure 7 shows the stability of SOG3 in solution, in which both particulate count and film thickness are plotted against elapsed time over four month period.
Optical properties
The SOG3 solution was stored at 5°C in a refrigerator during the period.
The particle count is kept and below 30 for four months except one flyer data point. The film thickness fluctuation is less than 3 nm range. It was also verified there was no change in the profile of resist B formed over the SOG 3 which had been stored for 3 months in solution. It is concluded from those data that the SOG 3 solution has at least 3 month shelf life in the refrigerator. Figure 8 shows the topdown profile of 130 nm L/S pattern with the resist B processed with different elapsed times between the SOG 3 PAB step and the resist B coat step. The resist pattern is bridged when the resist B is coated at 6 hour delay after the SOG 3 PAB (Figure 8a ). On the other hand, no bridging is observed up to 48 hour delay so long as the SOG 3 film is re-baked at 190 °C for 60 seconds (desorption bake) immediately followed by the resist B coat step (Figure 8b) . Figure 9 shows the amount of NH4+ detected from the blanket SOG 3 films with the elapsed time ranging from 0 to 48 hours after the SOG 3 PAB step. A solid line with closed triangles and a dashed line with open circles represent with or without the desorption bake, respectively. Although the amount of NH4+ for the SOG 3 film without the desorption bake increases with the elapsed time, it remains constant (less than 70ng/wf) for the SOG 3 film with desorption bake.
It is concluded from those data that the bridging in Figure 8a is caused by the neutralization between photo generated acid in the resist and the air-borne NH3 adsorbed in the SOG 3 films. Furthermore, it was revealed that the adsorbed NH3 is removed by the desorption bake (60sec at 190°C) applied just prior to the resist coat step.
Pattern transfer result
In response to the result of the lithography, which is described in 3.1, etching examination using 1 G bit DRAM device gate pattern was performed.
The film structure was resist/SOG/novolak/SiNIWSi/poly-Si/ONO=300/ 80/500/250/70/80/20nm. The resist pattern was transferred by RIE to SOG. Then, the pattern was transferred to a hard baked novolak, which was used as a mask for etching SiN. Etch selectivity of the novolak vs. SiN was about 1. Hence, 500nm thickness novolak was enough to etch SiN of 250nm.
Each cross-sectional profile after lithography, novolak RIE, and SiN RIE is shown in Figure 10 . A vertical profile was obtained after substrate etching (about 87 degree taper angle). And etch bias between after lithography and SiN etch was 27nm. Figure 11 illustrates the etching result of deep trench structure, which has high aspect ratio. By using tri-level resist process such high aspect 4. Summary A rectangle resist profile equal to that of conventional BARC was obtained by increasing the contact angle of SOG (for water) and adding acid into 50G.
From the simulation, the reflectivity was maintained 0.5% or less when the thickness of novolak was 300nm or more. Moreover, the reflectivity is at its minimum (about 0.3%) when SOG thickness is 80nm. Lithographic process window for 130nm L/S under the exposure condition of 0.68 NA, 0.75 sigma and 2/3 annular illumination was determined to be 0.6um depth of focus (DOF) and 16% exposure latitude, with the film structure of resist/SOG/ hard baked novolak =300 / 80/500nm. The preservation stability of SOG was found to be acceptable at three months after production from the viewpoint of particle change, thickness change, and resist profile change. Finally substrate etching was performed using this mask, and vertical etching profile was obtained.
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